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On the cover (clockwise from top left): 1) Students watch the video replay of a fluid demonstration that was run on the drop
tower demonstrator to the right of the monitor. 2) Bubbles crowd a cola droplet floating in the middeck of the Space Shuttle
during the Spacelab 2 (STS 51-F) mission in 1985. In orbit, the air and water have no apparent weight (although mass remains
unchanged), so the water does not settle to the bottom and the air does not float to the top. This is a fundamental aspect of
many experiments in orbit and can be a help or hindrance depending on the work to be done and our intelligence in meeting the
challenges. 3) A similar effect is seen inside a sphere filled with colored water in the Fluid Acquisition and Resupply Experiment
on the Space Shuttle (STS-53) in December 1992. 4) Two young visitors to NASA's Marshall Space Flight Center try out a
training model of a glovebox used aboard the Space Shuttle and space station Mir.

Background image: International Space Station is seen in December 2000 after addition of the first U.S.-built solar array and
battery system. Early 2001 will see the addition of the Destiny lab module (to the docking port at the front of this image) where
NASA and its affiliated researchers will conduct experiments in microgravity research.
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Connections to Academic Standards

The activities presented in this guide address national standards in technology, science, and mathematics education.
The standards for each are identified in the charts below.

3 S N
Technological Literacy Standards <& & D s R
International Technology Education Association \Q,CY)\ *\0 Q‘\*O@O ) 6%@ P =4 \b&(\ R Q/\ X &
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Scope of Technology ()

Themes of Technology [ )

Relationships Among Technologies &
Other Fields

Effects on Society

Effects on the Environment

Impact of Society on Technology [ )

History of Technology

Attributes of Design

Engineering Design

Problem Solving, Other Approaches

Apply Design Processes

Use and Maintain Products and Systems

Assess Impacts of Products and Systems [ )

Medical Technologies

Agricultural, Related Biotechnologies

Energy and Power Technologies °

Information and Communication
Technologies

Transportation Technologies

Manufacturing Technologies (]

Construction Technologies () o [ )
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Physical science
Properties and changes of matter [ ) [ ) [ ) [ ] [ } o @ (
Properties in matter ) () o o o o [ J o
Motion and forces o o ) [ o o [ ) [ )
Transfer of energy [ () (] [ ) [ ] () [ ) o
Interactions of matter and energy o () [ ) [ ) () [ ) o
Life science
Structure and function in living systems [ ) [ )
Earth and space science
Earth in the solar system [ [ ] [ ]
Science and technology
Abilities of technological design o [ ) () () [ ) [ ] [ ] [ ] [ }
Understanding about science and
technology
Science in personal and social perspectives
Populations, resources, and environments| @
Risks and benefits
Natural and human induced hazards [ ) () [ ] ([ ] ( ]
Mathematics Content Standards
National Council of Teachers
of Mathematics, 1989*
Problem solving o o o o [ ] (
Communication o ) o o o o o [ ) o
Reasoning o ) () () [ ] o
Connection [ ) () () o o o [ J (]
Estimation o [ ] o ([ o (
Algebra (] o o o (
Geometry ( ([ J o (] ] [ (]
Measurement o () o o o ([ J
*Note: Grade levels 4-8 and 9-12 are combined.
‘L :
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Technology Education and Microgravity
Grade 3-12 Introduction

Introduction

This integrated guide provides teachers and students with a
variety of opportunities to explore what microgravity is, what
NASA scientists and others are discovering about what
happens in the microgravity environment, and how all of it
affects us. The goal of this guide is to offer ways to apply
technology to microgravity and make it more real. Students
will have hands-on opportunities to simulate activities in a
microgravity environment using problem solving strategies,

critical thinking skills, and a team approach. Each activity T:'S nSthfcet‘gr,rol""r; Ctr)’ﬁtfa' O;(ijiozyme,
reinforces national technology, science, and mathematics :ndaOLIJrE:]C(;)SeeISa, g Z ter:ingogf béaft?,gs
content standards. under a microscope, and an instrument
of knowledge when X-rays shine
How to Use This Guide through to reveal its structure. Growing

proteins in orbit allows greater clarity
. . . . . . . that leads to a better understanding of
This guide contains general information about microgravity, their structure and role in life.

classroom activities, and student worksheets for you to use.
You might start with the overview of what microgravity is and how it affects us.

Other information about microgravity research is located in the specific activity that addresses
key ideas or concepts. Students can research concepts and explain the research in their own
words as part of the information gathering and problem solving process.

This box means there is background information provided that will help you
explain a process or concept to the students. It may be new information to ug stands for
you, or a review of familiar ideas. Call-out boxes give brief explanations of a microgravity
term, mathematical expression, or science concept.

Some of the technology activities in this guide are ones you may already do as part of your
technology education or science class. The difference is that you and your students will apply
technology concepts to explore how the microgravity environment affects people and
processes.

Each technology activity presents a design brief that describes what problem your students
are going to solve. The goals and objectives are specific but the problem solving and design
process is open-ended to allow for many designs, materials, and solutions. An example or
illustration is included in each activity to give you one idea for a design solution. Your
students will have many other original ideas or modifications.

The activities are meant to be done by project teams, similar to the ones NASA forms for
science and engineering projects. The first activity suggests how to establish project teams in
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your laboratory-classroom and presents a sample proposal and materials budget.
Reproducible proposal sheets are included along with team and individual evaluation forms
for your use in each activity. After the project teams activity, the activities are grouped by
grade levels 3-5, 6-8, and 9-12. Each section and corresponding design brief activity addresses a
different area of microgravity research.

What is Microgravity?

Microgravity literally means very little gravity. Another way to think of micro- is in
measurement systems, such as the metric system, where micro- means one part in a million or
1x 10°g. Scientists do not use the term microgravity to accurately represent millionths of 1 g.
The microgravity environment, expressed by the symbol ug, is defined as an environment
where some of the effects of gravity are reduced compared to what we
experience at Earth’s surface. We refer to gravity at Earth’s surface as a
one-gravity (1 g) environment. Let’s explore gravity first.

gfhe prefix, micro-,
- comes from the

What Gravity Does . Greek word
- mikros, “small.”

Your body is accustomed to a one-gravity (1 g) environment and feels
different if that gravitational force is changed. We take gravity for granted on Earth. You have
probably heard the adage “What goes up, must come down” and you have probably
experienced the effects of gravity when you fell off a bike or a snowboard. We expect a football
or snowflake moving through the air to eventually fall to the ground. So what happens when
we change the force of gravity? How the concept of gravity is presented to students makes a
difference in how they conceptualize the effects of this force at Earth’s surface and
in the space environment. Many physics and science books refer to
gravity as a fundamental force or attraction between any two masses.
Gravity is often simply defined as a force, or a “pull.” It pulls us to
-+ the ground, keeps the Shuttle and the Moon in orbit around Earth,
)= o " and keeps the planets in orbit around the Sun.

If you ask most students what gravity does, they will say that gravity

pulls you “down.” In truth, gravity pulls you toward the center of Earth. Earth’s
surface stops us from moving freely, just as a chair or the floor stops us. We use Earth’s
gravitational pull on us to define “up” and “down.”

Sir Isaac Newton (1642-1727) described gravity as a force that governs motion throughout the
universe, not just on Earth. It is the attraction between all masses in the universe. That means there
is a gravitational attraction between you and this page. So why don’t you feel it? The reason is that
the force of gravity depends on the mass of the objects involved and the distance they are from
each other. Because Earth is so massive, its force of attraction is much greater than the other
gravitational forces around us. Newton mathematically described the attractive force between two
objects, as shown in the box. Sir Henry Cavendish (1731-1810) modified Newton’s law to include a
gravitational constant, thus producing the familiar equation still in use today.

Newton’s Law and Cavendish’s modification mean that the greater the masses of the objects,
represented by m and m,, the greater the force of attraction, or F, between them. Also, the
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Newton’s original law Henry Cavendish’s modification

m; m my m
FoC— 2 F=G —2
r2 r2
F =force G =6.67x 101" Nm2/kg?

-« roportional to”
prop Cavendish added G, the universal gravitational

M, = mass of the first object constant. Note that multiplying the two
1 masses cancels the 1/kg? in G, and the 1/r2
m, = mass of the second object cancels the m2 in G, leaving just Newtons (N)

. ) as the final result.
r2 = distance between the objects

farther apart the objects are from each other, a distance represented by r, the less the attraction.

Here is a way you can determine how much gravity changes as you move away from Earth’s
surface. When you are standing on Earth’s surface, you are at 1 gravity or 1 g, the acceleration
of an object toward the center of Earth. Your mass and the force of gravity determine your
actual weight where you are at that moment. At Earth’s surface, the acceleration is
approximately 9.8 meters per second squared (m/s?) or 32 feet per second squared (ft/s?).

Earth'’s gravitational pull on you is reduced as you move away from Earth. How much
gravity’s effects change as you move away from Earth is easy to figure out using this simple
relationship: 1/12. r stands for the distance (radius) from Earth’s center to the surface, 6,378 km
(3,963 mi). Where you are standing now, R=1. If you travel from the center of Earth to a
distance=2R, or 12,756 km from Earth’s center, Earth’s gravitational pull drops to 1/2%or 1/4
what it is on Earth’s surface. At an altitude of 343 km (212 mi), where the Space Shuttle often
orbits, the astronauts and the Shuttle are still under the influence of about
90 percent of what they would experience on Earth’s surface.

1. heard that the astronauts can move freely in space because they
S8\, are so far from Earth that gravity has little effect, or that there is
i\ | no gravity. Now you know that is not true. Astronauts in space
are moving freely. Any time you are able
¥,/  Proportional to move freely in a gravity field with
] rRationg) EUN ) R 1 nothing to stop you from
heigiht () above ={ ----- —:] & : Py . .
Earth's radius (R) accelerating or decelerating with
it, you are in free fall. How do

:I;l--_ - &L&gm_, {: 6,378 )’ [:5,3?3}9_ {I.ﬂ-}?- - the astronauts reach the

' 6,378 +0/ \6270 condition of free fall?
I .
1R+ ' gyo1km | [ 6378 6.578 2 o They are travghng at
Shuttle arbit ™ ™ _{E.ETE vaq3) © {EJEI ] it st i just the right
i
2A ' 12,756 km il ={ 6,378 :] " {ﬁlg?g JE A {u 5}2 3 speed (more
6378 + 6,378/ “hz7se) ~\2) =025 than 27,000
Noie! Earihs eguaEons rediis n Brilen units ig 5963 mdas. Tha Shultle ol hiers & 21275 slabuls mies. The squatons
.-.-.i|'|_-.|1|.l'|' e 2Eme RS i el Syale DaCaiss Theas Sre srmphs raboes
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km /h [17,000 mph]) and the right altitude along with the Shuttle so they are constantly falling
around Earth in orbit. The trajectory, or path, is caused by the Shuttle speed along with the
downward acceleration of gravity, producing a curve that follows the curvature of Earth.
Because the Shuttle is free falling in orbit around Earth and the upper atmospheric friction is
___ low, a microgravity environment is established.
@8 The condition of microgravity occurs whenever
an object is in free fall.

A round balloon filled with water can be used

to explain some effects of gravity. What shape

| does a balloon take when it rests on a table or is

held in your hand? The water-filled balloon is
By flattened on the table. The table, or your hand,

§ ‘h-'-fll \ is exerting a force to keep the balloon from

Japanese astronaut Chiaki Mukai sails through the entrance falling. If you hold the balloon by the knotted

of the Space Shuttle’s Spacelab module. end, gravity stretches it downward. In free fall

however, it assumes a spherical shape because neither gravitational effects nor the table

disturbs it.

If you drop a baseball on Earth, it accelerates toward Earth’s surface at 9.8 m/s? (32.2 ft/s?).
This acceleration is what we refer to when we talk about a 1g environment. If an astronaut
drops a baseball inside the Shuttle, it falls, too, but to the astronaut it just doesn’t look like it is
falling. That is because the baseball, astronaut and the Shuttle are all falling together around
Earth. The Shuttle and everything in it are kept in orbit around Earth by gravity. Because
they're all falling together, objects move freely in a state we call microgravity.

You can better understand this concept by exploring Sir Isaac Newton’s hypothesis on how a
satellite could be made to orbit Earth. If you placed a cannon at the top of a very tall mountain
(see page 43) and then fired a cannonball parallel to the ground
it would arc and fall to Earth because of the presence of gravity.
If you added more energy so the cannonball had greater speed,
it would travel farther before landing. But if the cannonball was
fired with the proper speed, the cannonball would achieve a
state of continuous free fall, or orbit, and would fall entirely
around Earth. Provided no force other than gravity acted on the
cannonball’s motion, it would keep circling Earth in orbit. The
same principle applies to the Shuttle.

Once we achieve free fall we have a microgravity Soft drinks dont fing | et
envix.'om.nent. What can we do in a microg'rs'ivity environment bﬁbblgg d?)ﬂ’?r;iselié E:Zi?%ggoaes ©
that is different from normal gravity conditions? In some shown by this cola droplet. Eventually
instances, the behavior of granular solids, liquids, and gases th%bUbb'eS coalesce into larger bubbles
are affected by gravity. If you tried to melt two different and escape.

metals then mix them to form a new metal (called an alloy), the process would only work
if both metals had similar densities. On Earth, the less dense metal would always float to
the top once you stopped mixing them, like Italian salad dressing after it is shaken.
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In orbit, because of microgravity, the two metals could more easily form a metal alloy with
particular properties. NASA scientists are doing microgravity research in areas such as
biotechnology, combustion science, fluid physics, fundamental physics, and materials science.
Microgravity can help us learn more about how free fall conditions affect our bodies. It also
gives us unique opportunities to investigate new materials such as alloys, crystals, and
medicines.

How Do We Create Microgravity?

Orbiting spacecraft provide the best laboratories for long periods of microgravity research.
Scientists also use drop towers, aircraft, and rockets to achieve short periods of microgravity.
Experiments lasting for more than two weeks are possible with the Shuttle right now. Once the
International Space Station has a permanent crew aboard and is ready for research,
experimentation time can be extended to months. An important advantage of having longer
periods of time available is that scientists have the ability to do research like it is done on
Earth. Experiments can be performed multiple times with different parameters. Thus scientific
researchers will be able to gather comprehensive data.

Dropping an experiment down a deep hole on Earth also creates free fall conditions for a brief
time. Researchers in NASA and other facilities around the world use drop towers and drop
tubes to create microgravity environments. NASA'’s John H. Glenn Research Center in
Cleveland, OH, has two drop facilities. The 132-meter (430-ft) drop tower creates a
microgravity environment for about 5.2 seconds while
the 24-meter (79-ft) drop tower provides 2.2 seconds of -
microgravity per drop. Experiments in the 2.2-second I
Drop Tower are assembled on a drop frame structure and
enclosed in an aerodynamically shaped box, called a drag
shield, that protects the experiment. The drag shield /
experiment assembly is hoisted to the top of the tower
and released. The entire assembly falls freely in the open
environment of the tower. The experiment is isolated An experiment package plunges into the
from aerodynamic drag because it is contained within the deceleratorin the Zero-Gravity Facility at NASA's
. . . John H. Glenn Research Center. This facility
drag shield but not attached to it. During the drop, the  ;ovides about 5.2 seconds of microgravity
entire assembly falls 24 meters, and the experiment freely conditions for experiments.
falls a distance of 20 cm (0.65 ft) within the drag shield.
The package is slowed and stopped by a 3-meter (10-ft) tall air bag. Battery packs provide
onboard power to the experiment. High speed motion picture cameras, video cameras, and
onboard computers collect data for the investigator. The 5.2-second Zero-Gravity Facility drops
larger packages in a deep vacuum chamber. The longest drop time (10 seconds) is in Japan
where a vertical mineshaft was converted to a 490-meter (1,607.2-ft) drop facility.

-

d)

In these drop facilities, experiments are dropped, not people! You could experience the same
sensation as an experiment in a drop tower by going on a roller coaster in an amusement park
or jumping off a diving platform into a swimming pool.

You can also create a reduced gravity environment in an airplane as it flies in a roller coaster
trajectory or parabolic path. NASA astronauts train for orbital missions in a modified KC-135
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(a military tanker version of the Boeing 707 passenger jet),
also called the Vomit Comet! A typical flight lasting from 2
to 3 hours gives crew members about forty 20-second
periods of microgravity. The plane does a series of pull-up
and push-over segments as it moves along its roller coaster
path in the air to produce temporary free fall. Many people
get airsick, as you might imagine. While the conditions of
microgravity are limited in an airplane because of
turbulence and flight-control limitations, the advantage is
that researchers can ride along with their experiments.

Small sounding rockets are another way to create
microgravity. Sounding rockets experience free fall
conditions for 6 to 7 minutes as they follow suborbital
parabolic paths. Free fall exists during the rocket’s coast
above Earth’s atmosphere, where it is free of drag.

S I~
The roller-coaster ride of the KC-135 (aka
You have been introduced to the concepts of gravity and ~ the Yomit Comet) is another technique for
R K . ] . . providing brief periods of low-g to test
microgravity. This Guide offers a variety of learning experimental hardware and to train
activities that will involve students exploring microgravity. astronauts (below).
For more in-depth physical science information or
mathematical integration, check the resources at the end of
each activity. The NASA resource, Microgravity— A Teacher’s
Guide with Activities in Science, Mathematics, and Technology,
(NASA, 1997) is a good companion resource as well as the
following on-line microgravity resources:

Now Let’s Put Microgravity in the Curriculum

Spacelink

http://spacelink.nasa.gov

NASA Microgravity Research Program Office
http://microgravity.nasa.gov

John H. Glenn Research Center..........ccccccvvviiiiiiiiiiiiinnnnn. http://microgravity.grc.nasa.gov
George C. Marshall Space Flight Center .............coeeeeiiiiiiinnneee, http://www.msfc.nasa.gov
National Center for Microgravity Research .......... http.//www.ncmr.org/education/k12.html

These resources can provide a framework for teaching the concepts through integrated
activities that give students a variety of opportunities to explore microgravity. The discovery
learning and peer collaboration activities in this guide are designed to develop critical thinking
and problem-solving skills as well as increased scientific and mathematical knowledge. To
make access easier, the URLs in this guide are also on a web site:

Microgravity education inks .............ooevvviiiiiiiinnnnnnn. http.//microgravity.nasa.gov/ed_links
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Project Team Activity

Microgravity Teamwork
Grades 3-12

Teacher Information

It is never “too soon” to get students to work in
cooperative teams or to develop career
awareness. The technology design briefs in this
guide suggest that students should be placed
in teams whenever possible and assigned a
career role. At the elementary level, students
may need help understanding their role in a
team. Also, they may need extra time to work
out solutions to problems. At times, you may
decide to be the principal investigator in order
to get the activity started more efficiently. At
the middle and high school levels, students

All space missions are the result of teamwork, starting with

will benefit from initial guidance concerning small groups like the one working out procedures for
teamwork and increasing responsibility for glovebox experiments (above) to large teams like the mission
carrying out their career roles. The careers used M"%9° directing the ASTRO-2 Spacelak_) mission (belo_ )
in the following activity simulate NASA project F—
teams.

. [ -
Introduction Ty 1
Many professional projects require people to d s
work together effectively in teams. The success . L2
of the design and engineering activities {1

students will do in each microgravity unit
depends on teamwork. To have a good team,
every member needs to do his or her assigned I
tasks well and on time. Students will work as a ¥
project team member in each of the activities in

this guide. Students will set up project teams, assume career roles according to the project team
member descriptions, and write a project proposal.

L  H

The laboratory-classroom activities will simulate the process of project approval at NASA.
Each student in the class will be a member of a team. A class can have several teams working
at the same time. Each team will be responsible for preparing a project proposal, and
presenting the proposal to a peer review panel; the entire class or student committee may
serve as the peer review panel.

Project Team Roles

To simulate project team activities, students can be given specific career roles described in the
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next section. You may assign a student a different role for each activity. In this instructional
approach, students will learn what it is like to fulfill major career roles on a NASA project team.

Principal Investigator

In this leadership role, students will need to understand what a project goal is, write a
proposal for funding the project, and present the idea to the class. A proposal is a
statement of what problem a team is going to work on, how they are going to work on
it, and the materials needed to do the project. Scientists in any field can be the principal
investigator (PI) for a project.

Scientist

Scientists usually specialize in a specific field of study or investigation. For these
activities, you can introduce students to careers. Scientists specialize in specific fields of
study such as:

* Biology

* Microbiology

e Chemistry

e Organic chemistry

e Biochemistry

e Nuclear physics

e Physics and optical physics

Engineer

Engineers use mathematics and
scientific principles to solve
technology-related problems.
Engineers specialize in many
different engineering fields
such as:

e Mechanical
o Electrical
e Chemical

e Civil
¢ Aerospace
e Systems

e Structural
Technician

Technicians use a variety of machines and materials. They take working drawings and
build experiment hardware and parts that cannot be ordered from catalogs. Technicians
often specialize in specific areas such as:
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¢ Mechanical

e Electrical

 Fluid, hydraulic/pneumatic

* Heating, ventilation, and air conditioning
¢ Welding

e Automation, robotics

Astronaut/Test Subject

In these activities, everyone will be able to perform scientific tests in the field of
microgravity. Shuttle missions consist of the following people:

e Mission commander
e Pilot

e Mission specialist(s)
e Payload specialist(s)

The mission commander and pilot who fly the Space Shuttle are qualified jet pilots.
Quite often they also are experienced test pilots. Mission specialists are engineers and
scientists working full time as astronauts. They are trained to operate experiments in a
wide range of disciplines. Both pilot astronauts and mission specialists also take part in
designing future human spacecraft. Payload specialists are engineers and scientists, but
are trained to fly on one or two missions to conduct specific activities.

Project Proposals

All projects must have a principal investigator, or PI, the lead scientist who devises a plan to
investigate a problem. This plan becomes the experiment. The PI sets up the activities for the
team members, and supervises the writing, or actually writes, a Project Proposal. In the first
activity, you as the teacher might be the Principal Investigator just to show how it works.
Principal Investigators can put together a project team to help write the proposal. You might
give the teams a materials list to use and a proposal form that requires them to write certain
information or you can let them develop the proposal format themselves. Proposals include:

Project
Team
Proposal

Development

Test &
Evaluation

* Design brief statement,

e Written description of the problem,

e Written description of the planned approach to investigating the
problem, including necessary steps to complete it,

e Materials list/ cost spreadsheet,

* Appropriate illustrations or drawings, and

e Steps involved in solving the problem.

In studying the proposed problem, the steps shown here can be
used. First, students express the problem to be addressed in a clear
and concise statement. Next, students gather information and ideas
relevant to the problem. In the activities in this guide, students will
review some background information and resources. In addition,
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students brainstorm possible solutions to the problem. Next,
students select the most feasible and effective solution to develop.
The solution will be constructed and tested by the students. Finally,
students evaluate the results to determine the extent to which they
addressed the initial problem and the effectiveness of their
solutions, and recommend the next step. In the next section, a
sample proposal is presented as a guide for addressing
microgravity activity problems. A blank project proposal form is
included for use in other activities on page 12.

Problem solving steps

Identify the problem
Develop an approach

Design apparatus

v

|—> Test apparatus

Modify *

Does it work?

The student team project proposal must include a visual No
Yes

representation of the solution, such as a sketch, drawing, or CAD
(computer-aided drafting) illustration. It should show details such
as the materials, measurements, and placement of parts. A sample
of a design sketch is at the end of this section in the sample
proposal (see pages 13-14).

Run experiment

Draw conclusions

Peer Review Panel

All projects must be reviewed by a peer review panel. The review panel evaluates the merits of
the proposal and the benefits of the project. In the real world, peer review uses scientists not
directly involved in a project. This helps ensure that the best investigations are selected. In our
activities, the entire class will be the peer review panel. The project team should prepare an
oral or multimedia presentation for the panel that will quickly describe the proposal. The class
should offer suggestions or comments about each team’s proposal.

Each team will want to share what they are doing. Here are some ideas to help the students
develop their presentations:

e Use the overhead projector to show your designs on a large screen,
e Share your project design on a computer connected to a television,
e Make large charts, drawings, graphs,

* Build a model of your proposed project, and

e Take video clips that illustrate key concepts.

Public speaking is an important skill. Students need to know that they might have the best
idea ever thought of, but it needs to be effectively communicated to others to make it happen.

Safety Configuration Management

A proposal must be given the “go ahead” from the peer review panel and the teacher, and it
must meet safety standards. NASA considers safety to be a very important part of every
project decision. Every material and piece of equipment must be researched and tested before
it receives flight approval. Configuration management specialists check every material and
trace its manufacturing history down to the types of cleaners used on the material. Even
cleaners can contaminate materials and contribute to problems in space. Safety issues can be
excellent research and class discussion topics. Each project team member must consider the
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safety of everyone involved in the use and construction of projects. The teacher will be the
safety manager in charge of approving plans or recommending changes based on safety issues.
All project members should follow the rules assigned for the safe use of materials, tools, and
equipment.

Team Evaluation

Each team and individual team member should be evaluated according to how well team
members worked together to complete the microgravity project (see the forms on the next
page; feel free to modify as needed for your grade level or class). The Project Team Evaluation
can be used to evaluate team effectiveness. Also, individual team members should be
evaluated, using the Project Team Member Evaluation form, for their contributions to the total
project effort.
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Project Team Evaluation

Project Team Members: Date:

1. All team members actively participated in the problem-solving strategy 5 4 3 2 1
2. Team members performed assigned career roles responsibly 5 4 3 2 1
3. Allteam members contributed ideas before selecting the final design 5 4 3 2 1
4. The team was able to work together to resolve issues 5 4 3 2 1
5. The team completed the assigned project goals successfully 5 4 3 2 1

Project Team Points / 25 possible points
Scoring key:

Absolutely true of this team

Described the team for the most part
Description fitted the team about half the time
Only marginally describes the team

Does not describe the team at all

N WO

Project Team Member Evaluation

Team member:
Each student will be evaluated on the following:
1. Problem solving strategy (Followed the problem solving steps) 5 4 3 2 1
2. Project construction (Found materials, helped build apparatus) 5 4 3 2 1
3. Testing, experimenting (Tried to modify or improve designs) 5 4 3 2 1
4. Safety/Clean up (Helped keep area clean and safe) 5 4 3 2 1
5. Extensions (Tried new ideas) 5 4 3 2 1
Total Points / 25 possible points
Scoring key:
5 Absolutely true of this individual
4 Described the individual for the most part
3 Description fitted the individual about half the time
2 Only marginally describes the individual
1 Does not describe the individual at all
Microgravity: Earth and Space EG-2001-01-12-MSFC
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PROJECT PROPOSAL TITLE: Working in a Simulated Microgravity Environment
DESIGN BRIEF: Design and build the most cost-efficient neutrally buoyant satellite model.

PROJECT TEAM MEMBERS:
Principal Investigator: T. Smith

* Scientists: Elli Whitney, Albert Stein
* Engineers:

Mechanical Engineer Stan Diego
Aerospace Engineer George Jones
Industrial Engineer Hanna Hanson
Structural Engineer Doug Walrath

* Technicians: Bob Upndown, Craig Waters
* Astronauts/Test Subjects: Gillian Island, Jarid Jones

PROJECT DESCRIPTION

Simulating microgravity on Earth is hard. We are going to figure out how to make a helium balloon
satellite become neutrally buoyant. This means the satellite does not sink or rise, but stays level so we
can simulate working in space as astronauts.

MATERIALS LIST

Item Description Quantity Cost ea. Approx. total
Balloon Standard 12-inch 3 1.00 3.00
Helium Small canister, party pack size 1 20.00 20.00
Balsa wood 1/16 x 1/16 x 26 in. 1 0.80 0.80
Tape Any type, B in. 1 0.00 0.00
Thread Sewing thread, 18 in. 1 0.00 0.00
Foam Low density bead board, 4 cu. in. 1 0.00 0.00
Glue Wood or hot glue, 2 oz. 1 0.15/0z 0.30
Paper clips Small or large 6 0.00 0.00
Straws Plastic drinking straws 4 0.00 0.00
Tissue paper Tissue wrapping paper, 40 sqg. in. 1 0.25 0.25
TOTAL 24.35

Note: Prices listed through this guide are for the purposes of illustration to indicate the
order of magnitude of expenses. Prices will vary with region, city, and store. Measure-
ments are given in English units because that is how most U.S. stores measure goods.
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